One challenge confronting web site designers is to provide effective navigational support. Supplemental navigation tools such as sitemaps are frequently included on web sites to support navigation. However, there is a lack of empirically based guidelines for designers of such tools. This paper reports an empirical investigation into the factors influencing the decision by users to select sitemaps or search tools. The study establishes a relationship between the user's level of spatial ability and their tendency to select Web sitemaps providing a basis for the design of further investigations into the usability and design of such tools.
INTRODUCTION
Navigation has been acknowledged as one of the major usability problems for the Web since its inception. Despite significant research efforts and technological improvements, it is astonishing that the basic methods for locating information on the Web have remained the same over this time.
Information retrieval on the Web remains essentially a twostage process: (i) finding a web site that relates to an area of interest and (ii) locating the information within the individual web site. The initial stage of navigation is usually achieved through the use of global search tools [1] , [2] .
Whilst search tools are sufficient for global navigation, they are limited in their use when navigating locally around a site. Instead, in the second stage of information retrieval users usually navigate through individual web sites using a combination of both local site navigation tools and page-topage browsing [3] .
The 'hit and miss' browsing method of navigation can sometimes result in users feeling lost, confused and overwhelmed [4] , [5] .
This feeling of disorientation is a problem related to hypertext structures [6] , [7] and exists "where users cannot get an overview, cannot find specific information, stumble over the same information again and again, cannot identify new and outdated information, cannot find out how much information there is on a given topic and how much of it has been seen" [8] .
The standard navigation tools provided by Web browsers are inadequate as they do not provide the facilities to visualise the inter-relationships between pages. This prevents users from answering questions such as 'Where am I?', 'Where can I go from here?' or 'Which pages point to this page?' [9] . A lack of knowledge of the overall structure of a web site can result in confusion and cognitive overload as users jump from one location to another [10] . Nielsen [11] may not be exaggerating when claiming that users expect failure when they try something new on the Web, and that the total user experience is often miserable.
General hypertext research has raised awareness of the problems of disorientation and cognitive overload and has developed a variety of supplemental navigational tools that can be deployed into web sites. Some of these tools provide an alternative view of the topology of the system, claiming that they reduce the complexity of the system to allow the user to employ a larger set of navigational strategies [12] . Parallels with physical navigation have also assisted in addressing problems with navigation in virtual environments by drawing on a rich history of the design of topographical maps and city planning [4] , [13] . Other research into advanced visualisation techniques that provide support for managing large information spaces has proposed a range of technological solutions to overcome disorientation [10] , [14] .
A common navigation aid which provides a visual representation of the hypertext system are known as 'sitemaps'. Browse around the Web for a few minutes and you will inevitably come across a link called 'Sitemap'. Sitemap tools may be found on approximately 50% of commercial web sites [15] .
It is claimed that sitemaps have a number of benefits, including improving spatial context and reducing disorientation [9] , [12] providing a sense of the extent of a particular web site without giving detail [16] and acting as a visual surrogate for the user's short-term memory [17] . There are some critics of sitemaps who have identified problems relating to speed, complexity and maintenance [18] and problems of navigating sitemaps themselves, especially when they are large or complex [9] . The Web has transcended all expectations of size and purpose. Pre-Web methods used in studies of information-seeking behaviour, which were developed for the purpose of evaluating traditional systems, are not appropriate when investigating users' interactions on the Web [19] . Empirical studies examining information-seeking behaviour on the Web need to recognise the centrality of the user, with consideration given to their particular needs and capacities.
The role of the user has been the focus in a number of recent empirical studies that have resulted in a more comprehensive understanding of how users seek information on the Web. Examples of such studies are those that have examined the cognitive aspects of searching [20] , browsing behaviour [21] , navigation strategies [22] , revisitation patterns [16] , [23] and individual differences [24] .
A related theme in HCI research has been the development of adaptive user interfaces based on individual differences in users. Such research suggests that individual differences such as personality, cognitive abilities, cognitive style, gender, age and domain knowledge be taken into account when designing user interfaces [24] .
Martzoukou [19] notes that "Understanding why different persons search information in different ways is vital before designing information retrieval systems and offering appropriate user support".
There is renewed interest in individual differences, particularly users navigational abilities, as new Web and graphical technology opens up a range of opportunities for navigational interfaces.
One user related factor that has not been investigated in relation to the use of sitemaps is spatial ability (SA). Research has identified spatial visualisation ability as a key factor in predicting effectiveness and efficiency when performing search tasks on information retrieval systems [25] . Eckstrom et al. [26] define spatial ability as the "ability to manipulate or transform the image of spatial patterns into other arrangements". Spatial visualization ability is believed to facilitate the construction of mental representation of objects [27] .
One general recommendation that stems from this research is that interfaces that provide a spatial presentation should be provided for users who have low SA in order to assist them in establishing the semantic connections between the items in large information systems. For instance, Chen et al. [24] suggest that "if a new user interface design can avoid the need of mentally structuring embedded information, then low spatial individuals should improve their performance."
Of course, this recommendation presumes that low SA users will actually select to use such a supportive interface. For example, sitemaps are provided as supplemental navigation tools on Web sites in order to provide users with an alternative spatial presentation of the physical or semantic structure of the information on the website. But, provision of a link entitled 'Sitemap' does not guarantee that low SA users will select this tool as intended by the website designer. One possibility is that the term 'Map' might have a negative influence on those users with low spatial ability.
The objective of this study was to investigate empirically the relationship between the spatial ability of users and their tendency to select visually oriented navigation tools such as sitemaps.
The rest of this article is structured as follows. First the issue of task types of users is examined in order to develop a categorization of tasks that can be used in the empirical study. Then the actual hypothesis which is to be tested is developed. Next there is a description of the experimental method and the major findings. Finally some conclusions and further work are proposed.
TASK TYPES
Research into the design of sitemap tools has focussed on a range of issues including graphical versus text interfaces [5] , constantly visible vs optional interfaces [28] and the application of visualisation techniques [14] . These studies have largely made the assumption in their experimental design that sitemaps are provided to support users who are searching for something specific on a web site. It is however recognized that goals of web users will vary. At times, users know exactly what they want; others have only a rough idea of what they are looking for; others only realize they are interested in something when they see it [29] . Interfaces to support users with less specific information needs will have different requirements than those designed to support a search for something specific.
There are a variety of approaches to the classification of goal types. [30] distinguish between users who know what they want and search for a known item, and users who only know that they have a gap in understanding but may not have sufficient knowledge of the subject area to articulate the need formally. [12] suggests that the complexity of goals vary between specific fact-finding, where the outcome can be achieved by visiting a single node in the information space, and extended-fact finding where several nodes are visited to accomplish a task through aggregation or comparison.
Other classifications of goal types [31] , [32] have used a variety of factors including that of goal specificity. Previous research by the current author [33] has proposed a classification of goal types as lying along a continuum based on the level of 'goal specificity' and ranging from tightly defined closed goals to illdefined open goals. Closed goals have a discrete answer, or set of answers, and once achieved will result in closure of the need. This is consistent with first category of information goals provided by [12] . At the other end of the continuum are open goals which do not have a finite answer and hence will not have a specific point of closure where the information need is satisfied. For example, a user may enter a web site without an immediate information need hence the initial task they will undertake might be to gain an understanding of the organisation of the web site or to become familiar with the domain's vocabulary and a sense of how concepts are related. As suggested by [29] and [30] classifications, users may serendipitously switch goals as something of interest appears, or as their domain knowledge increases allowing them to express a need more formally.
Hence open tasks may be defined as having a low level of goal specificity and closed tasks as having a high level of goal specificity. Open tasks are general in nature without a specific outcome, whilst closed tasks are characterised by a very specific information need resulting in a discrete outcome.
HYPOTHESIS
Site maps generally provide a graphical representation of the system topology assisting users in orienting themselves within the global information space as well as providing a detailed sense of location within the neighborhood of the current node [34] . They are essentially maps of the underlying information space allowing users to see where they are, what other information is available and how to access other information [10] . Clear and informative site maps help users understand the structure web sites and hence are most likely to be a tool that supports users undertaking open tasks of low goal specificity. In comparison, search tools provide users with the ability to locate pages in a site that contain matches to specific text hence are tools that will support closed tasks of high goal specificity.
Given this, it is proposed that individuals with high spatial visualisation ability who are undertaking open tasks may have a tendency to select interfaces that provide present a view of the information system using a spatial metaphor, e.g. a sitemap.
METHOD
Fifty students from Swinburne University of Technology (9 female and 41 male) participated. Their age groups varied from 18 to 39 years. Participants were recruited from all academic disciplines using notice board advertisements. The experiment took approximately 45 minutes and participants were paid a fee of $20 for their time. Ethics approval had been given prior to conducting the experiment.
A repeated measures design was used. Sixteen tasks were designed to represent the two major goal types (open and closed) as defined in Section 2. For example the open tasks included "Use this site to find out what it is about and how it is organised" and "You need to describe this web site to someone after your visit". Closed tasks were more site specific such as "What does TASSAB stand for?" and "Who developed the GRASSLinks system?". The web sites were selected to ensure that each contained a link to navigation tools including a sitemap. The sites were a mixture of large government and commercial sites from Australia.
Participants were tested in groups of up to 12 at a time in the same dedicated computer laboratory using the same experimental procedure.
A booklet was provided to participants that instructed them to complete eight tasks on eight different web sites: four closed and four open tasks. Tasks were presented to the participants such that the order of the task types was counterbalanced.
A set of applications were developed to control the presentation of tasks to the participants. These included a Task Control Screen, Purpose-built Web Browser ( Figure 1 ) and a database to record the browsing activity of participants in a log file.
Figure 1: Purpose-built Web Browser
A web browser was purpose-built for this study in order to control complexity and facilitate data collection. The browser interface had standard Home, Back and Go buttons, a location bar and a status bar. The interface also contained a 'Task Completed" button that participants could click if they completed a task before the 3 minute deadline. After 3 minutes that browser closed automatically and returned to a task control screen which allowed the participant to select the next task.
The purpose-built browser was linked to a central database on a MySQL server. This system logged all interactions in the background, including URL visited, system time, subject number and task. This data was sufficient to determine the timing and sequence of pages visited for each task and whether they have visited the sitemap tool for a particular site.
Each computer workstation was preloaded to display the task control screen which provided a set of buttons for each task. When the participant clicked on a task button the purpose-built experimental browser opened and a particular web site was displayed. The participant was instructed to perform the task on the web site that was displayed.
After completing the experimental tasks, participants were provided with the VZ-2 Paper Folding Test. The VZ-2 is a paper-based cognitive test of visualization and spatial ability taken from the "Kit of Factor-Referenced Cognitive Tests" by [26] . The test is accepted as an indicator of spatial visualization ability and has been found to produce significant results in previous research [24] . The test requires subjects to visualize in their mind how a piece of paper may look after it has been folded and hole-punched. Subjects have 6 minutes to answer 20 questions, divided into two 3-minute and 10-question components. A sample question is shown in Figure 2 . The VZ-2 test was scored according to the guidelines provided by [26] . These guidelines state that one point is awarded for each correct answer, and to discourage guessing, 1/4 point is subtracted for each incorrect response. 
RESULTS
The log files indicated that navigation choices of each participant for the eight tasks that they undertook. There were five possible outcomes for each task: The number of times that participants used each of the five possible participant actions across the eight tasks was counted first. Table 1 shows the overall use of sitemaps and search tools, collapsed across all participants, all web sites and all tasks. Note that participants each performed four open and four closed tasks, hence the maximum mean number of selections is four for each option.
Participant's scores on the VZ-2 spatial ability test were scored according to the guidelines provided by [26] . Scores ranges from 1.4 to the maximum score of 20 (M=11.73, SD=4.42). Participants were placed into 3 approximately equal sized groups resulting in the classifications as described in Table 2 . To appreciate the relationship between spatial ability and sitemap use the data is presented as a graph in Figure 3 . 
DISCUSSION
The influence of each participant's spatial ability on their tendency to choose sitemaps when undertaking open tasks was analysed. It was hypothesised that spatial ability scores would correlate with total sitemap use for open tasks. An analysis of variance indicated that participants with high spatial ability selected sitemaps significantly more than those participants with low spatial ability. This supports the hypothesis that website users with high spatial ability have a stronger tendency to choose sitemaps when performing open tasks than those users with low spatial ability.
Previous research [35] , [25] suggests that alternative interfaces could be provided to support low spatial users in performing as well as high spatial individuals. In the context of the Web, the provision of spatially oriented sitemaps as supplemental navigation tools should then enhance the performance of users with low spatial visualization ability. However, the results of this present study suggest that although sitemaps might be an appropriate support interface for low spatial individuals, users with this particular cognitive trait are less likely to select to use a sitemap tool. Instead, it is those users who already have a good aptitude for constructing spatial mental models who have the strongest tendency to select to use a sitemap.
Several immediate implications for the provision of sitemap interfaces arise from this study. If it is the intention of the website designer that provision of a sitemap is primarily to support users with low spatial ability in order to enhance their search performance then some alternative modes of indicating that this tool is available should be considered. One possibility is that the term 'Map' might not appeal to those who according to their cognitive traits are not inclined to use spatial devices like maps to solve problems. Indeed, provision of a spatial interface might be counterproductive to low SA users, something that could be tested in a future study. Instead, it might be possible to support low-SA users in the task of navigation through alternative devices or tools which might link with other cognitive traits or individual differences that these users might possess.
Some of the limitations to this study include the fact that the web sites used all were reasonably simple, with a maximum of only 20 content links on the home page. Other home page models such as portal-type home page with a large number of content links and resultant flat hierarchical structures were not examined here, but should be explored further. Likewise, the experimental tasks represent the extremes of the goal specificity continuum, with the closed tasks being very specific and open tasks being very general. Other task types and levels of specificity and complexity could be considered in future studies.
Finally the participant population consisted of undergraduate students, most with a high level of experience with using the Web. Future studies could extend the population to include both domain and technical experience as factors.
A further limitation was that the gender and age distribution in the participant groups did not permit a reliable analysis to determine if there was any effect for age or gender imbalance. Further work could include an additional study to examine the effect of factors such as gender and age in order to confirm the validity of the findings in this present study.
CONCLUSIONS
This study has explored the relationship between the spatial ability of users and their tendency to select visually oriented navigation tools such as sitemaps. The results of the study suggest that website users with high spatial ability have a stronger tendency to choose sitemaps when performing open tasks than those users with low spatial ability. Several implications for the provision of sitemap tools were proposed and some areas of future work were discussed.
